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I.  INTRODUCTION 

Previous  measurements  of  drag  forces  acting  on  cylinders  normal  to 

a  rarefied  gas  flow1  have  been  concentrated  in  the  transition  and  near  free 

molecule  flow  range  of  Knudsen  number  where  direct  comparison  with  existing 

theories  could  be  made.  Following  the  completion  of  that  work  it  appeared 

desirable  to  extend  the  data  to  near  continuum  flow  conditions.  In  addition, 
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the  analysis  of  previous  data  by  normalization  techniques  indicated  a  need 
to  repeat  certain  tests  in  an  attempt  to  reduce  experimental  scatter.  It 
is  the  purpose  of  this  report  to  present  all  results  obtained  to  date, 
including  previous  work  and  new  measurements  involving  three  additional 
models,  with  a  complete  listing  of  all  data  which  may  be  of  value  to  those 
contemplating  future  theoretical  work  in  this  field. 

II.  axr-'ERIMSNTAL  METHOD 

A.  Experimental  Equipment 

All  tests  were  performed  with  the  equipment  previously  described.1 
The  three  new  models  were  solid  steel  rods;  0.0265  inch  diameter,  0.0500  inch 
diameter  and  0.1103  inch  diameter.  These  supplemented  the  former  models, 
0.0003  inch,  0.0009  inch,  0.0015  inch,  0.0033  inch  and  0.010  inch  diameter. 
The  same  adjustable  length  cylindrical  shields  were  used  to  fix  the  length 
of  model  exposed  to  the  stream.  The  slotted  caps  terminating  the  shields 
were  rebored  to  provide  a  close  fit  for  each  new  model.  Thus  the  ratio  of 
shield  diameter  to  model  diameter  varied  with  each  model.  No  additional 
model  temperatures  were  obtained  with  the  new  larger  models. 
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B.  Experimental  Procedures 

All  procedures  and  flow  control  methods  previously  described  were 
continued  for  the  tests  involving  the  three  larger  models.  The  length  of 
exposed  model  varied  from  approximately  three  quarters  of  an  inch  to 
approximately  two  inches.  Data  obtained  during  a  given  run  were  immediately 
reduced  to  permit  a  plot  of  aerodynamic  force  versus  model  length.  This 
control  curve  was  thus  available  before  changes  were  made  in  the  experi¬ 
mental  setup.  The  linearity  of  this  plot  and  the  extrapolation  of  the 
force  data  for  a  zero  length  model  were  constantly  checked.  As  before, 

small  positive  force  intercepts  were  noted  for  the  theoretical  zero  length 
model  for  most  of  the  runs. 

ni*  DATA  reduction  and  error  analyses 

Standard  methods  of  data  reduction  were  employed  to  determine  the 
free  stream  flow  properties  and  the  aerodynamic  forces  acting  on  the  model. 
For  the  larger  models  the  uncertainty  in  the  quantity  Cx  was  reduced  due 
to  the  greater  precision  possible  in  the  measurement  of  the  model  diameters, 
the  larger  forces,  in  the  gram  range,  resulted  in  sizable  spring  extension 
and  thus  a  reduction  of  this  error  source.  The  total  of  all  error  contribu¬ 
tions  in  the  determination  of  Cx  for  the  three  new  models  in  all  flow 
conditions  varied  from  1.5  to  2.0%. 

It  is  interesting  to  note  that  the  noticeable  scatter  in  the 
original  Mach  4  results  using  a  0.0033  inch  nominal  diameter  model  was 
traced  to  a  change  in  model  diameter  in  the  course  of  the  tests.  The  model, 
a  butt  welded  thermocouple,  was  broken,  repaired  and  remounted.  In  the 
refabrication  the  thermocouple  joint  in  the  center  of  the  model  length  was 
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hand  polished,  resulting  in  a  reduction  in  diameter  of  approximately  10%. 
New  tests  were  run  with  this  new  cylinder  and  included  in  the  final  results 
for  all  models.  These  results  are  presented  in  Figures  1,  2  and  3  with  a 
normalized  presentation  in  Figure  4. 

IV.  RESULTS 

The  experimental  results  indicate  a  smooth  transition  from 
continuum  drag  coefficient  values  to  predicted  free  molecular  flow  drag 
coef f icients .  Normalization  of  the  measured  drag  values  reveals  a  marked 
Mach  number  dependency.  Future  experimental  programs  are  indicated, 
including  extension  to  higher  and  lower  Mach  numbers,  and  a  detailed 
pressure  survey  of  the  entire  cylinder  surface. 
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■CABLE  II.  MACH  FOUR  DRAG  RESULTS 
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TABLE  III.  MACH  TWO  DRAG  RESULTS 
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FIG.  I  CYLINDER  DRAG  AT  M=l.96 
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FIG.  2  CYLINDER  DRAG  AT  M  =  4.00 
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FIG.  3  CYLINDER  DRAG  AT  M=  5.92 
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